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Summary: Purpose: To describe the behavioral and EEG to- 
pographic correlates of absences with 3-Hz generalized spike- 
waves and partitioned impairment of consciousness. 

Methods: Two adult women had so-called “phantom” ab- 
sences, characterized by brief and mild impairments of con- 
sciousness that were previously inconspicuous to both patient 
and physician. Neuropsychological examination was per- 
formed under video-EEG monitoring during absence status. 
EEG topographic mapping of spike-wave discharges was ob- 
tained in the two cases. 

Results: Only mild attentional and executive disturbances 
were observed during absence status despite prolonged dis- 
charges. Spike-wave bursts were associated with selective i n -  
pairment in the initiation of response and self-generated action, 
whereas short-term storage of external information during dis- 
charges was fully preserved. This is consistent with a predomi- 

nant involvement of frontomesial cortex demonstrated by to- 
pographic mapping of spike-wave discharges in the two cases. 
By contrast, in two other patients with typical absences and a 
complete lack of retention for information given during the 
discharges, topographic mapping found a more lateral frontal 
involvement by spike-wave activity. 

Conclusions: Different types of absence seizures may impair 
distinct components of conscious behavior. A predominant 
involvement of frontomesial thalamocortical circuitry may un- 
derlie an “inconspicuous” disorder of consciousness as seen in 
phantom absences with selective loss of initiation and goal- 
oriented behavior, whereas involvement of more lateral 
frontal areas in typical absences may additionally disrupt 
working memory processes. Key Words: Absence seizure- 
Absence status-Consciousness-Cingulate cortex-Frontal 
lobe. 

Absence seizures are defined by impairment of con- 
sciousness concomitant with 3-Hz generalized spike- 
wave on EEG (1,2). But absences do not constitute a 
single disorder, and consciousness is not subserved by a 
unitary process. Absences occur in several idiopathic 
epileptic syndromes during childhood or adolescence 
(1,2) and may occasionally persist into adulthood (3). 
Absence status also may occur in adults because of drug 
exposure or withdrawal, or as de novo status (3-5). One 
form recently emphasized under the term of “phantom 
absences” is characterized by “brief and mild impair- 
ments of consciousness that are inconspicuous to both 
the patient and physician and may exist for many years 
before diagnosis” (6,7). It remains unclear whether these 
cases correspond to a distinct entity (5,7) or a seizure 
type along a broader continuum of idiopathic epilepsies 

(8,s). Variable impairment of consciousness during ab- 
sences (1 0,ll) or subtle cognitive changes related to in- 
terictal spikes known as “transient cognitive impair- 
ment” (1 2) have been long noted. A5 consciousness can- 
not be regarded as a unitary phenomenon (13,14), we 
studied ictal behavior in two cases with so-called phan- 
tom absences to learn whether a distinct deficit in the 
mechanisms of consciousness rather than a different “de- 
gree” of deficit may underlie this type of absence. What 
is actually lost during an inconspicuous loss of con- 
sciousness? We also asked whether this deficit would 
correspond to distinct topographic EEG abnormalities. 
This may in turn provide valuable insight into the neu- 
rologic ingredients of normal conscious behavior. 

CASE REPORTS 
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Patient 1 
Patient 1 was a 66-year-old right-handed woman ad- 

mitted after a generalized tonic-clonic seizure. She had a 
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first seizure at age 32 after her first child delivery and 
then only occasional (< 1 /year) tonic-clonic seizures with 
valproate (VPA), 900 mg daily. Other seizure types or 
brief lapses of consciousness were not acknowledged by 
the patient or relatives. Family history was unremark- 
able. After admission the patient appeared unusually 
apathetic and distractable. Neurologic examination was 
normal. EEG revealed subcontinuous discharges of gen- 
eralized, bilaterally synchronous spike-wave and poly- 
spike-wave complexes at 3-4 Hz that predominated in 
the anterior and midline regions (Fig. 1A). Standard as- 
sessment performed according to reported techniques 
(1,2) could not detect typical absences during the dis- 
charges (duration, 3-10 s; 16.5% of total recording time), 
and the patient was totally unaware of them. Neuropsy- 
chological testing was carried out under continuous 
video-EEG monitoring as described later. Spike-wave 
activity resolved after i.v. clonazepam (CZP), 0.5 mg, 
and then VPA, 1,500 mg daily. Video-EEGs were nor- 
mal on the next days except for brief spike-wave bursts 
during hyperventilation. Brain magnetic resonance im- 
aging (MRl) and HMPAO-Tc99 SPECT during status 
were unremarkable. Neuropsychological assessment was 
normal interictally (3 days after status). 

Patient 2 
Patient 2 was a 58-year-old right-handed woman ad- 

mitted after a fall, presumably due to a seizure. She had 
three tonic-clonic generalized seizures between ages 23 
and 30, each after child delivery, but no recurrence since 
then. Treatment with phenytoin (PHT) and phenobarbital 
(PB) was discontinued 2 years before admission. Other 
seizure types were not reported, although occasional dis- 
tractibility with eye closure was admitted by relatives on 
specific questioning. Family history was unremarkable. 
Neurologic examination was normal except for slow 
mentation and unconcern. EEG revealed subcontinuous 
discharges of generalized, bilaterally synchronous, 
rhythmic and regular spike-waves and polyspike-waves 
at 3 Hz that predominated in the frontal and anterior 
temporal regions (Fig. 1B). Standard assessment could 
not detect typical absences during the discharges (dura- 
tion, 2-15 s; 21.3% of total recording time), and the 
patient was unawaare of them. Neuropsychological test- 
ing was carried out under continuous video-EEG (see 
later). EEG abnormalities resolved with CZP, i.v., and 
then VPA, 1,000 mg t.i.d. Video-EEG on the next day 
showed normal activity without change during hyperven- 
tilation. Brain CT was normal. Neuropsychological as- 
sessment performed a few days after status was normal. 

Two other patients who had typical absences with 
complete loss of consciousness during spike-wave bursts 
and were examined during the same period served as 
control cases. These were a 15-year-old girl (Fig. 2A) 

and a 10-year-old girl (Fig. 2B) in whom EEG showed 
typical discharges of generalized, bilaterally synchro- 
nous 3-Hz spike-wave (duration, 2-20 s). Neither had 
tonic-clonic seizures. Family history, brain MRI, neuro- 
logic, and cognitive functioning were unremarkable in 
both cases. 

METHODS 

Behavioral testing was performed in each case under 
continuous video and EEG monitoring according to re- 
ported techniques (l), including responsiveness to (au- 
ditory, visual, or tactile) stimulation, continuous tapping, 
holding arms outstretched, sitting or standing, breath 
counting, reciting of automatic series or prose passages, 
as well as a detailed standardized neuropsychological 
examination (see later). Topographic mapping of the 
spike-wave activity was performed by using a quantita- 
tive method that allows definition of the generator of 
epileptic discharges in frequency and spatial coordinates. 
The method allows the localization of distributed sources 
and was described in more detail elsewhere (15,16). 
Twenty electrodes were placed according to the 10-20 
international system. The strength of the potential map 
for every frequency point (0.5-32 Hz) was calculated for 
the period of the spike-wave bursts with a resolution of 
0.5 Hz over all electrodes (16). Subsequently, a linear 
inverse solution was applied by using low-resolution 
electromagnetic tomography (LORETA) (1 5) to define 
the generator of the epileptic discharges in three- 
dimensional spatial coordinates. 

RESULTS 

Behavioral findings 
Despite subcontinuous spike-wave activity on EEG, 

both patients 1 and 2 were alert and normally oriented. 
Both were totally unaware of the seizures. Absences 
were not overtly apparent, but eye blinking and brief 
up-gaze were frequent during spike-wave in patient 2. 
Continuous automatic activities such as tapping or count- 
ing appeared remarkably maintained, or only briefly sus- 
pended or slowed. When asked to count their breaths 
aloud during hyperventilation while maintaining the 
arms outstretched, the patients made only a few occa- 
sional pauses or hesitations during paroxysms, and then 
immediately resumed counting (Fig. 1 A). However, 
these pauses were more frequent when counting back- 
ward than forward and disclosed only by careful video- 
EEG observation. Most notably, video-EEG revealed 
brief but consistent interruptions in new or goal-oriented 
gestures, or latency in answers to questions given during 
a discharge. However, a most prominent feature in both 
patients was that questions, commands, or complex sen- 
tences given during a discharge were strikingly well re- 
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tained, although they could be repeated or responded to 
postictally only (always with accuracy). These retention 
abilities were exceedingly sensitive to interference: con- 
fusion or mix-up occurred as soon as any other word was 
inadvertently uttered by someone in the room other than 
the examiner, or when the material to be retained was 
presented with other irrelevant information (e.g., some 
incentive phrase). When given with a task to do or a 
calculation to perform, the order was usually repeated at 
the end of the discharge and then excuted. Initiation of 
deliberate responses or purposeful actions was never ob- 
served during a paxoxysm. Patient 2 sometimes carried 
on simple or automatic motor activities (e.g., rubbing her 
face or hand) but never initiated a new goal-directed 
behavior during a discharge. 

Neuropsychological testing showed normal language, 
writing, arithmetics, praxis, visual recognition, and 
learning abilities. Verbal and visuospatial short-term 
memory were normal, as assessed by digit span and 
Corsi blocks span, even though spike-wave paroxysms 
could occur during the tasks. In patient 2, long-duration 
discharges allowed digit span to be measured during 
them, and it was found to be of five (i.e,, strings up to 
five digits long provided to the patient during sustained 
spike-wave bursts could be correctly reproduced after 
the bursts’ end). Frontal executive functions were unim- 
paired on Luria’s alternating tasks and mental control 
subtests from the WAIS, but sustained attention capa- 
bilities on a continuous performance task were impaired. 
Both patients succeeded in counting backward and serial 
threes substraction: patient 2 failed serial sevens. Con- 
trolled oral fluency was in the normal range in patient 1 
but slightly impaired in patient 2 (irrespective of inter- 
vening discharges). Again, video-EEG analysis noted 
that the initiation of deliberate responses was selectively 
abolished or delayed in several tasks during spike-wave 
paxoxysms, whereas the ability to retain questions or 
commands and eventually to perform the task afterward 
seemed unaffected. 

By contrast, the two control cases with typical ab- 
sences consistently showed complete loss of conscious- 
ness and no registration at all of any information and 
stimuli presented during their absences. Neuropsycho- 
logical testing between bursts was normal, including oral 
and written language, drawing, arithmetics, frontal ex- 
ecutive functions (Luria’s tasks, backward counting), 
and verbal and visual learning memory. All motor and 
cognitive activities were interrupted by discharges ex- 
cept for variable maintaining of simple limb postures 
(outstretched arms). Any command provided during 
spike-wave bursts was never executed afterward nor re- 
called. Verbal digit span and visuospatial blocks span 
were normal between bursts but always failed when 
spike-wave paroxysms occurred during the task (even 
single items). 

EEG mapping 
In patient 1, quantitative frequential analysis of spike- 

wave bursts revealed three dominant frequency peaks at 
5.5, 3.0, and 11 Hz, in decreasing order of importance, 
respectively (Fig. 1A). The LORETA algorithm local- 
ized the generator of all three frequencies in the medial 
frontal areas bilaterally, as well as in both temporal ar- 
eas. In patient 2, frequency analysis revealed three dom- 
inant peaks at 2.0, 4.0, and at 13 Hz: LORETA showed 
that all three frequencies were localized bilaterally in 
medial areas of the frontal lobes (Fig. 1B). In both cases, 
LORETA mapping was very consistent and similar 
across frequencies and bursts. 

Clearly different patterns were obtained in the two 
patients, with typical absences and complete loss of con- 
sciousness during bursts. A single dominant frequency 
(2-3 Hz) was found for the spike-wave pattern without 
other peaks in the alpha or beta range (Fig. 2). The 
LORETA algorithm localized spike-wave generators 
predominantly in the lower lateral frontal and temporal 
areas, more so on the right side in control 1 and slightly 
more on the left side in control 2 .  In both cases, 
LORETA maps appeared slightly more variable across 
bursts than in the two previous patients. However, there 
was no consistent involvement of frontal midline areas in 
upper slices. 

DISCUSSION 

Our two patients had a similar history of infrequent 
tonic-clonic seizures and absence status with 3-Hz 
spike-wave first diagnosed in late childhood. Absences 
had not been detected previously. These cases cannot be 
classified with confidence into one of the recognized 
idiopathic syndromes (2,3). They fit the clinical descrip- 
tion of phantom absences recently defined by Panayio- 
topoulos et al. (6,7), although it remains questionable 
whether these correspond to a specific syndrome (7) or 
just a seizure type that may belong to different age- 
related syndromes (9). Of particular interest in our two 
patients, close behavioral examination and video-EEG 
monitoring were required to disclose transient and spe- 
cific alterations of consciousness during prolonged dis- 
charges. These were characterized by subtle but consis- 
tent deficits in initiating actions or responses, and the 
patients, relatives, or even medical staff were totally un- 
aware of absences despite prolonged spike-wave activ- 
ity. 

Absences are not a uniform symptom but have differ- 
ent clinical and EEG manifestations, which may be syn- 
drome related (1-3). Disturbance of consciousness dur- 
ing spike-wave bursts is always severe in childhood ab- 
sence epilepsy, with complete interruption of all mental 
activities and no retention of ictal events (l) ,  whereas it 
is often mild in juvenile myoclonic epilepsy (17). In the 
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latter, expressive speech is variably interrupted, but re- 
ceptive speech can be preserved with partial recollection 
of ictal events as in our two cases. In absence status, the 
manifestations may range from minimal behavioral 
changes to prolonged confusional states (5,10,18). 
Neuropsychological testing performed ictally in a few 
cases showed that failure of sustained attention, lack of 
initiative, paucity of speech, defect in planning, perse- 
veration, and memory disturbances are predominant (10, 
18-20). These cases may be difficult to distinguish from 
partial complex nonconvulsive status epilepticus of fron- 
tal origin (19,21). 

Detailed assessment in our two patients revealed only 
mild attentional and executive disturbances during their 
subcontinuous absence status. Prolonged spike-wave 
bursts caused a selective impairment in the initiation of 
goal-directed behavior and response selection, whereas 
the ability to carry out automatic activities or to retain 
external information such as complex sentences, com- 
mands, or calculations was remarkably preserved. Tasks 
ordered during a discharge could be executed only after 
the latter ceased and the patient self-repeated the order. 
Digit span was normal even during long-duration spike- 
wave bursts. This suggests that complex linguistic func- 
tions and upholding processes in short-term (working) 
memory were basically intact. This contrasts with other 
transient cognitive impairments associated with spike- 
wave bursts that predominantly affect working memory 
function (12,22). In our patients, ictal discharges rather 
disrupted processes that contribute to initiation of re- 
sponse and self-generated behavior. 

Intention and response initiation processes are central 
in the multifaceted construct of consciousness ( I  3,23). 
They are generally considered to involve an executive 
attentional system subserved by the anterior cingulate 
and adjacent cortex of the medial frontal lobes (13,14, 
24,25), whereas information-holding processes of work- 
ing memory involve dorsolateral frontal and more pos- 
terior cortical areas (26). Bilateral dysfunction of medial 
prefrontal regions typically results in akinetic mutism. 
Remarkably, LORETA mapping of spike-wave bursts in 
our two patients revealed maximal ictal activity in me- 
dial frontal regions. This was unlike the two control 
cases, who had typical absences with complete loss of 
consciousness and no retention of information during 
EEG paroxysms. Several topographic EEG mapping 
studies found prominent implication of frontomesial cor- 
tical areas in absence seizures (27-30). However, these 
studies often involved adult patients with potentially 
atypical absences. A recent study using functional MRI 
triggered by EEG paroxysms also reported activation of 
the anterior cingulate cortex during seizures in a patient 
with absence epilepsy (31), but no behavioral or neuro- 
psychological information was provided. Preferential in- 
volvement of frontomesial cortex by spike-wave parox- 

ysms generated within the thalamocortical circuitry in 
some absence seizures (30) could disrupt those aspects of 
conscious behavior related to intention and response ini- 
tiation without disrupting the ability to retain information 
in short-term memory. This feature might underlie the 
inconspicuous impairment of consciousness in so-called 
phantom and other "mild" absences. Conversely, in cases 
with typical absences, additional involvement of the lat- 
eral frontal or posterior cortical areas by more general- 
ized spike-waves may explain impairment of short-term 
memory processes during discharges (1 2,22). 

We have no straightforward explanatjon for the asym- 
metry of spike-wave generators found in the cases with 
typical absences (control I ) ,  but this could result from 
differences in burst amplitudes. Spatial sources appeared 
slightly more variable across bursts in the two controls 
than in the two other patients. LORETA has limited spa- 
tial resolution but appears reliable for the location of 
lateralized focal seizures and particularly suitable for dis- 
tributed sources (unlike dipole source models) (1 5,16). 
Spike-wave asymmetries are not uncommon on the EEG 
in typical absence seizures (see Fig. 2) and may influence 
the spatial extent of sources in topographic mapping, 
although this should not affect the distinction between 
medial and lateral cortical generators that we found in 
frontal regions. 

Further studies should investigate whether such asym- 
metries in the involvement of lateral cortical areas cor- 
respond to a differential verbal versus visuospatial deficit 
in short-term memory during absences (22,32), unno- 
ticed in our present testing procedure. EEG in our two 
patients also differed from the controls in that it showed 
more polyspikes and fewer prominent slow waves, as 
reflected by the frequency analysis of paroxysms. Such a 
pattern is not uncommon in atypical absences (3,7). Im- 
portantly, a similar topographic EEG mapping was ob- 
tained for all three frequency peaks in the patients. Al- 
though it is possible that succeeding slow waves may be 
more disruptive to cognitive functioning than spikes 
themselves (32), we believe that this cannot account by 
itself for a selective impairment in intention-based con- 
scious behavior with a relative sparing of other recep- 
tion-based aspects in our two patients. Alternatively, one 
would have to speculate that intentional response- 
initiation processes are more sensitive to higher fre- 
quency discharges than are other cognitive operations. 
Our findings therefore suggest that different types of 
absence seizures might impair distinct components in the 
complex processes subserving consciousness, and that 
topographic differences in discharges might account for 
the distinct behavioral expression. 
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